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Successful repair of blunt injury of aortic arch
branches in the setting of bovine arch
Abdulaziz Al-khaldi, MD, and Robert C. Robbins, MD, Stanford, Calif
Intrathoracic great vessels injuries are usually fatal and represent a special surgical challenge. We report a successful
surgical repair for blunt disruption of the three aortic arch branches in the setting of bovine arch anatomy. The repair was
achieved without the use of cardiopulmonary bypass or arterial shunts. There was no clinical or radiologic evidence of
neurologic abnormality after the repair. ( J Vasc Surg 2006;43:396-8.)Blunt injuries of the thoracic aorta or the great vessels
are usually fatal. The most common site of disruption is the
aortic isthmus distal to the left subclavian artery, but other
sites include the ascending aorta, innominate artery, left
common carotid artery, and left subclavian artery. Approx-
imately 75% to 90% of blunt thoracic aortic injuries result in
immediate death.1,2 Blunt injuries of the innominate artery
are relatively rare but are the most common form of aortic
branch injury in blunt chest trauma.3
To our knowledge, disruption of all the aortic arch
branches has never been reported in the surgical literature,
probably because the severe nature of the injury results in
immediate death before hospital arrival. This report describes
the clinical presentation, work-up, and operative management
of traumatic disruption of aortic arch branches in the setting of
a bovine arch.
CASE REPORT
A 35-year-old man was transferred to the trauma service at
Stanford University Medical Center after a motor vehicle accident
in which he was the driver. He was restrained with seatbelt, but no
air bag. He had a seatbelt mark on his anterior chest. Neurologic
examination revealed a Glasgow coma score of 15 on arrival, but he
needed to be sedated and intubated owing to severe respiratory
distress. Bilateral chest tubes were placed.
The patient’s chest wall injuries included bilateral air leaks, a
minimally displaced left clavicular fracture, transverse sternal frac-
ture close to the sternomanubrial junction, and bilateral multiple
rib fractures. Chest radiographs showed severe bilateral lung con-
tusions and a widened mediastinum (Fig 1). Computed tomogra-
phy angiography (CTA) of the chest demonstrated extensive me-
diastinal hematoma and a bovine arch anatomy with contained
rupture at the base of the common trunk of the innominate artery
and the left common carotid artery, with no extravasations (Fig 2 A
and B). There was proximal occlusion of the left subclavian artery,
starting 2.0 cm distal to its origin from the aortic arch, with
reconstitution by back-flow from the vertebral artery.
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396The patient was taken to the operating room. A median
sternotomy was used for exposure. No blood was in the pericardial
cavity, but we noted a contained hematoma at the base of the
common trunk of innominate artery and left common carotid
artery. Complete exposure of the innominate and left common
carotid arteries distally was achieved after mobilization of the
innominate vein. Minimal retraction of the innominate vein was
needed to obtain exposure at each step of the procedure, and there
was no need to divide the azygos vein.
We decided to attempt vascular repair with cardiopulmonary
bypass on stand-by. First, we constructed a bypass using 10-mm
Hemashield graft (Boston Scientific, Natick, Mass) from the as-
cending aorta (end-to-side) to the distal innominate artery (end-
to-end). Cerebral perfusion was maintained by blood flow through
the left common carotid artery. A 6-mm Hemashield graft was
connected (end-to-side) to the 10-mm graft followed by direct
anastomosis to the left common carotid artery (end-to-end), while
the innominate artery bypass provided cerebral perfusion.
A side-biting clamp was applied to the aortic arch at the base of
the common trunk, followed by opening the thin wall hematoma
and visualization of the tear (1.5 cm). The aorta was over-sewn at
the base of the common trunk. Exposure of the proximal left
subclavian artery was achieved through the median sternotomy by
dissecting along the left aspect of the aortic arch while gently
displacing the pericardial reflection and the left recurrent laryngeal
nerve laterally. The left pleura was not opened.
This dissection, which is commonly used for aortic arch sur-
gery, allowed accesses to the first 4 cm of the left subclavian artery
with a normal proximal 2.0-cm segment, followed by disruption
and intramural hematoma with complete occlusion of the true
lumen for 3 to 4 cm distally. Proximal control was achieved by
clamping at the origin of the left subclavian artery. Another supra-
clavicular incision was performed with exposure of the distal left
subclavian artery. After achieving distal control, the dissected part
was excised and an interposition graft (6-mm Hemashield) was
used to reconstruct the missing portion of the left subclavian
artery. The full repair is shown in Fig 2, C and D.
The patient remained stable throughout the procedure. There
was no postoperative mediastinal bleeding. The patient remained
intubated for 3 weeks postoperatively because of the extensive
pulmonary contusions. He had no clinical or radiologic evidence of
postoperative neurologic injury. After 4 weeks in the hospital, he
was in a stable medical condition. No surgical site infections
developed, he was extubated successfully with no need for a
tracheostomy. The patient was transferred to a rehabilitation cen-
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debilitation caused by prolonged intubation.
A repeat CT angiography of the chest before transfer con-
firmed the patency of the bypass grafts, and no collections or
pseudoaneurysms were detected. The patient will be seen every 3
months for the first year and then annually with ultrasound Dopp-
ler scans to assess the flow in the bypass grafts at each visit.
DISCUSSION
Intrathoracic blunt injuries to the great vessels are rare
and often fatal. They are usually caused by deceleration
injuries, crush injuries, or combination of both. In general,
surgical exposure is achieved by using median sternotomy
for injuries involving the ascending aorta, innominate ar-
tery, or left common carotid artery; and left thoracotomy is
used for injuries involving the left subclavian artery or
descending aorta. The surgical approach needs to be mod-
ified depending on what combination of vascular and non-
vascular injuries are present and which injury is more life
threatening.
The need for cardiopulmonary bypass, which should be
assessed individually, is usually determined by the degree of
ascending aorta or aortic arch involvement. In the absence
of significant injury to the ascending aorta or aortic arch
that precludes the application of a side-biting clamp, it is
possible to perform the full repair without cardiopulmonary
bypass if the sequence of the vascular reconstruction and
clamps placement is carefully planned.
Bovine aortic arch incidence in the general population
is about 10%. It involves an anomalous origin of the innom-
inate artery and the left common carotid artery from a
common trunk that arises from the aortic arch. Such vas-
cular anatomy might be associated with increased predis-
position to innominate artery injuries in blunt trauma.3
From a surgical perspective, injuries to the common trunk
in a bovine arch result in jeopardizing both carotid arteries
Fig 1. Preoperative chest radiograph shows the widened me-
diastinum.in addition to the right vertebral artery. Reported injuries inthe setting of bovine arch involved the origin of the innom-
inate artery distal to the takeoff of the left common carotid
artery.4-7 In our patient, the disruption occurred at the
origin of the common (bovine) trunk from the aortic arch
proximal to the origin of both the innominate artery and
the left common carotid artery. Reports of repair tech-
niques in the setting of bovine arch have varied from the use
of circulatory arrest with retrograde cerebral perfusion,5 to
arterial shunts,6,7 or neither.4 In the absence of preopera-
tive neurologic deficit, innominate artery injuries can be
repaired without cardiopulmonary bypass or shunting.8
Endovascular intervention was not an option, because
Fig 2. A, Three-dimensional reconstruction of computed tomo-
graphy angiography shows the bovine arch anatomy with con-
tained rupture (appears like a bulge) at the base of the common
trunk that gives rise to the innominate artery and the left common
carotid artery. It also shows the interruption of the left subclavian
artery with reconstitution distally by flow from the vertebral artery.
B, Schematic illustration of the intra-operative findings. C, Intra-
operative photograph demonstrates the full repair. The large
arrowhead points to the left subclavian artery interposition graft
and the small arrow points to the site of origin of the common
trunk from the aortic arch, which was over-sewn. D, Schematic
illustration of the full repair.occlusion of the ostium of one of the arch vessels by using
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This was not possible in this patient because of the disrup-
tion of the three arch branches.
CONCLUSION
Blunt thoracic injury with disruption of all the great
vessels is a rare and serious clinical problem. Although a
bovine aortic arch presents an increased technical chal-
lenge, it is still possible to achieve a complete and safe repair
through median sternotomy without cardiopulmonary by-
pass or shunting.
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